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The plasminogen activator (P A)/plasmin system is 
thought to be involved in processes such as tumor 
invasion and wound healing, during which epithelial 
and mesenchymal cells come close together. How-
ever, information on regulation of the P A/plasmin 
system during epithelial-mesenchymal interactions is 
scarce. Therefore, we examined the in vitro modula-
tion of the production and activity of the components 
of the P A/plasmin system in squamous carcinoma 
cells (SCC-4) and normal human keratinocytes in 
relation to cell density and the presence or absence of 
fibroblasts (3T3 cells). There was an inverse relation 
between cell density and mRNA expression for uroki-
nase-type plasminogen activator (u-PA) and u-P A 
receptor in both SCC-4 cells and keratinocytes. In 
addition, such a relation was found for plasminogen 
activator inhibitor types 1 (PAI-1) and 2 (PAI-2) in 
SCC-4 monocultures, but not in keratinocyte mono-
cultures. In contrast to monocultures, variation of 
cell density did not affect the mRNA expression of 
the components of the P A/plasmin system in co-
cultures of SCC-4 cells or keratinocytes with 3T3 
cells. However, the relative expression of mRNAs in 
co-cultures was clearly different from that in mono-
cultures, especially at low cell density. For most of 
the components of the P A/plasmin system, a decrease 
he plasminogen activator (PA)/plasmin system plays 
a role in a broad range of physiologic and pathologic 
processes [1,2]. PAs are specific proteolytic enzymes 
that can convert the inactive proenzyme plasmino-
gen to plasmin. There are two forms of PA, uroki-
nase-type PA (u-PA) and tissue-type PA (t-PA). The regulation of 
PA activity is a complex process, involving proenzyme activation, 
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in mRNA expression and u-P A receptor protein was 
observed at most cell densities, whereas for PAI-1 
only in keratinocytes a marked increase was docu-
mented. 
Zymography of supernatants revealed that the lev-
els of both free u-P A and P A-PAl were increased in 
SCC-4/3T3 co-cultures, whereas in keratinocyte/3T3 
co-cultures, only levels of the P A-PAl complex were 
increased, while the amount of free u-P A activity 
decreased. This occurred despite the increased u-P A 
immunoreactivity and was probably caused by the 
markedly elevated levels of immunoreactive PAI-1. 
The results of the present study reveal that the 
production and synthesis of various components of 
the PA/plasmin system in keratinocytes and SCC-4 
cells depend on the density of epithelial cells and are 
modulated by fibroblasts, probably through a direct 
cell-cell or cell-matrix contact. Fibroblast-induced 
modulations are similar in keratinocytes and SCC-4 
cells except for the regulation of PAI-1, which is 
markedly enhanced only in keratinocytes. This sug-
gests that the modulation of P A activity in the direct 
microenvironment may be different under physio-
logic and pathologic conditions. Key words: PAl-11 
u-PAlu-PA receptorlPAI-2lsquamous carcinoma cellslco-
cultures. J Invest Dermatol 104:374-378, 1995 
binding of u-PA to the cell-surface receptor, and PA-inhibitor 
interaction; the latter involves plasminogen activator inhibitor 
type-1 (PAI-1), plasminogen activator inhibitor type-2 (PAI-2), and 
the protease nexin [2]. There is an increasing volume of evidence 
that u-PA plays an important role in cell migration during wound 
healing or tumor invasion. Increased levels of u-PA have been 
demonstrated at the periphery of solid tumors [1,3,4] in vivo and at 
the edge of wounds both in vivo [5,6] and in vitro [7,8]. In normal 
healthy skin, only very low levels of u-PA were detected after 
wound closure [5,6]. The binding of u-PA to its cell-surface 
receptor (u-PAR) determines its proteolytic activity in the extra-
Abbreviations: 3T3, Swiss mouse fibroblasts; PA, plasminogen activator; 
PAI-1, plasminogen activator inhibitor type 1; t-PA, tissue-type plasmino-
gen activator; u-PA, urokinase-type plasminogen activator; u-PAR, uroki-
nase-type plasminogen activator receptor. 
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cellular microenvironment. A high-affinity cell-surface receptor for 
u-PA has been found on various cell types [9], including normal and 
malignant epithelial cells [10-14]. 
During tumor expansion and wound closure, the total number of 
epithelial cells increases and the number of cells migrating gradually 
decreases. Furthermore, interaction between keratinocytes and 
fibroblasts may occur upon invasion of epithelial tumor cells or 
upon skin injury, when the two cell types are no longer separated 
by a basement membrane and therefore come together. Although it 
is known that keratinocytes produce the components of the PAl 
plasmin system, there is no information on the modulation of these 
proteins as a result ofkeratinocyte-fibroblast interaction. To inves-
tigate this, we used an in vitro model consisting of normal human 
keratinocytes or human squamous carcinoma (SCC-4) cells cul-
tured either alone or with fibroblasts. The modulation of the 
components of the PAl plasmin system in relation to the density of 
epithelial cells was examined. In addition, we studied the effect of 
the interaction between epithelial cells and fibroblasts on P A 
production and activity in both SCC-4 cells and normal keratino-
cytes. The results revealed that PA activity in SCC-4 cells and 
normal keratinocytes is modulated differently by fibroblasts and is 
dependent on cell density. 
MATERIALS AND METHODS 
Cell Culture Serial cultures of SCC-4 [15] and normal human keratino-
cytes with 3T3 cells have been described [16]. In the present experiments, 
3T3, SCC-4, or keratinocyte cells were seeded (1.25 X 104/cm2) either 
alone or together with 1.8 X 104/cm2 irradiated (3000 rad) 3T3 cells 
(co-cultures). In all experiments, cells were grown in a mixture of 
Dulbecco's modification of Eagle's medium/Ham's F12 media (3:1), which 
was supplemented with 5% (v/v) fetal bovine serum for SCC-4 and 3T3 
cells and with 5% (v/v) bovine serum, 1 fLM L-isoproterenol, and 1 fLM 
hydrocortisone for keratinocytes. The medium was renewed at 3 and 6 d , 
and the supernatants were collected at 3, 6, and 9 d. 
In some experiments, SCC-4 cells were seeded at various densities (1.25, 
2.5,5, and 10 X 104/cm2) either alone or in the presence ofa fixed number 
of irradiated 3T3 cells (1.8 X 104/cm2). Forty hours after plating, irradiated 
3T3 cells were removed by ethylenediaminetetraacetic acid treatment [17]. 
Subsequently, RNA was isolated or cell extracts were prepared for the 
u-PAR crosslinking study. When experiments were performed with kera-
tinocytes, the medium was refreshed 48 h after seeding of keratinocytes at 
various densities, and the cells were rein cuba ted for the next 24 h before 
harvesting. 
DNA Determination DNA content was assayed for normalization of 
the data. For this purpose, the cells were washed with phosphate-buffered 
saline, detached from the dishes with a rubber policeman, and frozen in 
aliquots at -20 C C until use. The DNA content was determined according 
to Karsten and Wollenberger [18]. 
Enzyme-Linked Immunosorbent Assays (ELISAs) for PA and PAl 
Immunoreactive t-PA was determined using a commercial ELISA kit 
(Imulyse t-PA; Biopool, Umea, Sweden). Immunoreactive u-PA was 
determined with a sandwich ELISA, described in detail by Binnema et al 
[19] . The activities of purified t-PA and u-PA were established using the 
respective International Standard preparations [20,21]. The levels ofimmu-
noreactive PAI-l and PAI-2 were determined using commercial ELISAs 
(Tintelize Stripwell PAI-l and PAI-2, respectively; Biopool). Detection 
limits for these assays were 1.5 ng for t-PA, 0.1 ng for u-PA, 2 ng for PAI-l, 
and 6 ng for PAI-2 per ml. Immunoreactive t-PA was present in the 
supernatants , but the t-PA activity was very low. Therefore, t-PA will not 
be discussed further in this paper. 
Assay for PA Activity PA activity in the supernatants was determined by 
zymography, as described by Granelli-Piperno and Reich [22] . Purified 
u-PA and t-PA were run in parallel as standards. In some experiments, the 
underlayer contained amiloride (100 fLM) as an inhibitor of u-PA, or an 
excess of neutralizing antibodies against t-PA [23]. 
Analysis of the u-PA Receptor Lethally irradiated 3T3 cells were 
removed from the SCC-4/3T3 and keratinocyte/3T3 co-cultures by eth-
ylenediarninetetraacetic acid treatment. The presence of U-P AR in the cells 
was determined essentially according to Nielsen et al [24] using 125I_Iabeled 
diisopropylfluorophosphate-u-PA, as described in detail elsewhere [25]. In 
experiments with keratinocytes, the cells were washed with phosphate-
buffered saline and subsequently treated with acid, scraped, collected, and 
lysed after 3 min. The volumes of cell extracts used in the u-PAR analysis 
were adjusted based on equivalency of their DNA content, as assayed in 
either aliquots of the cell suspension (SCC-4) or in parallel dishes (kerati-
nocytes). 
Analysis of mRNA RNA was isolated according to Chomczyn ki and 
Sacchi [26] and analyzed for u-PA, u-PAR, PAl-l, and PAI-2 mRNA 
expression as described [25]. u-PAR cDNA was kindly provided by Dr. 
L.R. Lund (Copenhagen, Denmark). 28S rRNA probe was kindly provided 
by Dr. C. Backendorf (Leiden, The Netherlands). The intensities of the 
bands of the autoradiograms were quantified by photodensitometry (Desaga 
CD60) and normalized for total mRNA using 28S rRNA as a control. The 
results are expressed as relative mRNA expression, taking as 1 the 
expression in monocultures seeded at the lowest density (1.25 X 104/cm2). 
RESULTS 
Production of u-PA and P AI in SCC-4 Monocultures and in 
SCC-4/3T3 Co-Cultures PA activity in supernatants of SCC-4 
monocultures and of SCC-4/3T3 co-cultures (collected 3, 6, and 
9 d after plating) was analyzed using zymography. Lysis zones were 
observed because of the presence ofu-PA and PA-PAI complex in 
supernatants of both SCC-4 monocultures and SCC-4/3T3 co-
cultures. The PA activity was dramatically increased in SCC-4/3T3 
co-cultures, especially during the second culture period (3- 6 d) 
(Fig 1, lane 4 versus lane 5). Zymography performed either in the 
absence or in the presence of neutralizing t-PA antibodies or in the 
presence of a u-PA inhibitor (amiloride) confirmed the activity of 
u-PA and t-PA in both supernatants (data not shown). Murine 
u-PA, which has a lower molecular weight (Fig 1, lane 3), was not 
detected in SCC-4/3T3 co-cultures. This indicates that the in-
creased PA activity in SCC-4/3T3 co-cultures can be ascribed to 
the SCC-4 cells. 
Total amounts ofu-PA, PAI-1, and PAI-Z antigen were assayed 
in 3-d supernatants collected on day 6 using specific human u-PA, 
PAI-1, and PAI-Z ELISAs, respectively. In SCC-4/3T3 co-cultures, 
the levels of u-PA and PAI-1 were increased (1.8 ± 0.5- and 1.5 ± 
O.1-fold, respectively) , but the level ofPAI-Z was decreased (0.1 ± 
O.1-fold), as compared to SCC-4 monocultures. In monocultures, 
the production (mean ± SD) was 11.8 + 1.4 ng u-PAIJ-Lg DNA, 
6.1 ± Z.8 ng PAI-l1 J-Lg DNA, and 6.Z ± 4.4 ng PAI-ZI J-Lg DNA 
(n = 3). 
Expression ofu-PA, u-PAR, PAI-1, and PAI-2 mRNAs and 
of u-P AR Protein Is Dependent on SCC-4 Cell Density and 
on the Presence of 3T3 Cells In SCC-4/3T3 co-cultures, the 
ratio of both cell types changed continuously as expanding colonies 
of SCC-4 cells caused irradiated 3 T3 cells to detach from the dish. 
Therefore, we examined whether the mRNA expression of u-PA, 
u-PAR, PAI-1, and PAI-Z and the level of u-PAR protein were 
dependent on the relative numbers ofSCC-4 and 3T3 cells. For this 
PA-PAI complex ..... 
human t-PA ..... 
human u-PA ..... 
murine u-PA ..... 
standards 
1 2 3 4 5 6 7 
Figure 1. PA activity in SCC-4, keratinocyte, and 3T3 monocul-
tures and co-cultures. SCC-4, keratinocyte, or living 3T3 cells (1.25 X 
104/cm2) were seeded either alone or with 1.8 X 104/cm2 irradiated 3T3 
cells. The cells were grown as described in Materials and Methods, and 
medium was renewed on d 3. On d 6, supernatants were collected from 
3T3, SCC-4, and keratinocyte monocultures (lanes 3, 4, and 6, respectively) 
and from SCC-4/3T3 and keratinocyte/3T3 co-cultures (lanes 5 and 7, 
respectively). Subsequently, the supernatants were analyzed using zymog-
raphy. Aliquots of supernatants corresponded to equal amounts of protein 
per dish. Lanes 1 and 2 represent t-PA and human u-PA, respectively. Note 
the absence of murine u-PA in the SCC-4/3T3 and keratinocyte/3T3 
co-cultures. 
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purpose, SCC-4 cells were seeded at various densities either in the 
absence (mono cultures ) or in the presence of a fixed number of 
irradiated 3T3 cells (SCC-4/3T3 co-cultures). Subsequently, RNA 
was isolated only from SCC-4 cells. The mRNA expressions of 
u-PA, u-PAR, PAI-l, and PAI-2 in SCC-4 cells in relation to the 
seeding cell densities of SCC-4 cells are shown in Fig 2a-e. Figure 
2f shows the normalized data (see Materials and Methods) of the 
u-PA, u-PAR, PAI-l, and PAI-2 mRNA expressions in SCC-4 cells 
in the absence or the presence of3T3 cells. There was a decrease in 
u-PA, u-PAR, PAI-l, and PAI-2 mRNA expressions in mono cul-
tures with increasing seeding density. In contrast, in co-cultures, 
variations of cell density did not affect the expression of these 
mRNAs. When monocultures were compared to co-cultures, we 
found that at low densities, the mRNA expressions of u-PA, 
u-PAR, PAI-l, and PAI-2 in SCC-4 cells were higher in the 
absence than in the presence of 3T3 cells. However, in monocul-
tures seeded at the highest densities, the mRNA expressions of 
u-PA and PAI-l were lower; u-PAR was similar to and PAI-2 was 
higher than in the co-cultures. The level of u-PAR protein 
detected, as a 94-kDa 1251-diisopropylfluorophosphate-u-PAI 
u-p AR complex, was higher in SCC-4 cells grown in the absence 
(Fig 3, lanes 1-4) than in the presence of 3 T3 cells at all seeding 
densities (Fig 3, lanes 5-8). Under both conditions, the level of 
u-PAR protein did not vary with cell density, with the exception of 
slightly elevated levels observed in low-density SCC-4 monocul-
tures. 
Modulations of u-PA, PAI-1, PAI-2, and u-PAR in kerati-
nocytes As in SCC-4 cells, free u-PA and PA-PAl complex could 
be detected by zymography in supernatants derived from both 
keratinocyte monocultures and keratinocyte/3T3 co-cultures (Fig 
1, lane 6 versus lane 7). In the co-cultures, the relative amount of free 
u-PA was lower, whereas that ofPA-PAI complex was higher. Lysis 
due to the presence of PA-PAI complex was reduced in the 
presence of neutralizing t-PA antibodies or by the u-PA inhibitor 
, amiloride, suggesting that both t-PA and u-PA were bound to PAl 
(data not shown) . In 3-d supernatants collected on day 6 from 
keratinocyte/3T3 co-cultures, the levels of immunoreactive u-PA, 
PAI-l, and PAI-2 as assayed by specific human ELISAs were 
increased (3.8 ± 1.6-, 5.1 ± 2.8-, and 3.4 ± 1.9-fold, respectively) 
as compared to keratinocyte monocultures. In keratinocyte mono-
cultures, the production (mean ± SD) was 13.4 ± 8.6 ng u-PAI p.,g 
DNA,S .7 ± 1.8 ng PAI-lI p.,g DNA, and 4.1 ± 1.8 ng PAI-21 p.,g 
DNA (n = 3). These levels were similar to those found in SCC-4 
monocultures. 
We also examined the influence of cell density on mRNA 
expressions of u-PA, u-PAR, PAI-l, and PAI-2 in keratinocyte 
monocultures and keratinocyte/3T3 co-cultures (Fig 4). Within 
keratinocyte monocultures, an inverse relation was found between 
the seeding density and the u-PA and u-PAR mRNA expressions, 
whereas in the presence of 3T3 cells, there were no changes in the 
levels of these mRNAs (Fig 4). In both mono cultures and co-
cultures, the mRNA expressions of PAI-l and PAI-2 remained 
unchanged regardless of the seeding density used. Furthermore, at 
all seeding densities, the PAI-l mRNA expression was higher and 
PAI-2 mRNA expression was lower in keratinocyte/3T3 co-
cultures than in keratinocyte monocultures. In additional experi-
ments, it appeared that keratinocytes in confluent monocultures 
constitutively expressed high levels ofPAI-l and PAI-2 mRNAs, at 
levels nine times and four times higher, respectively, than those 
found in confluent SCC-4 monocultures (data not shown). 
The levels of u-PAR protein present in keratinocyte monocul-
tures were similar at all densities tested and were higher than those 
detected in keratinocytes grown in the presence of 3 T3 cells (data 
not shown). 
To examine whether direct cell-cell contact between epithelial 
and 3T3 cells was required to achieve the above effects, both cell 
types were cultured separately but sharing the same medium 
(transwell inserts), or the epithelial cells were exposed to condi-
tioned medium derived from 3T3 cultures. In both the transwell 
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Figure 2. Expression ofu-PA, u-PAR, PAI-1, and PAI-2 mRNAs in 
SCC-4 cells seeded at various cell densities: effect of 3T3 cells. 
SCC-4 cells were seeded at various densities either alone or with irradiated 
3T3 cells (1.8 X 104/cm2). The cells were grown for 40 h in a mixture of 
Dulbecco's modification of Eagle 's medium/ Ham's F12 (3:1) supplemented 
with 5% fetal bovine serum. Thereafter, irradiated 3T3 cells were detached 
from the co-cultures using 0.02% ethylenediamine tetraacetic acid treat-
ment. Subsequently, RNA from SCC-4 cells was isolated for Northern blot 
analysis. (a-e) Total RNA (30 J.Lg) was analyzed using 32P-labeled probes 
specific for u-PA (a), u-PAR (b), PAI-1 (c), PAI-2 (d), and 28S rRNA (e). 
SCC-4 monocultures (lanes 1-4); SCC-4/3T3 co-cultures (lanes 5-8). 
SCC-4 cell densities: 1.25 X 104/cm2 (lanes 1 and 5),2.5 X 104/cm2 (lanes 
2 and 6), 5 X 104/cm2 (lmles 3 and 7), and 10 X 104/cm2 (lanes 4 and 8). (f) 
The bands were quantified photodensitometrically and normalized for total 
mRNA using 28S rRNA as a control. The results are expressed as relative 
mRNA expression, taking as 1 the expression in monocultures seeded at the 
lowest density (1.25 X 104/cm2). Seeding cell densities of SCC-4: 1.25 X 
104 /cm2, 2.5 X 104 /cm2, 5 X 104/cm2, and 10 X 104/cm2. 
and conditioned-medium experiments, the levels ofu-PA, u-PAR, 
PAI-l, and PAl-2 mRNAs or protein were comparable to those 
found in the mono culture (data not shown). These results suggest 
a requirement of direct cell-cell or cell-matrix contact for the above 
effects. 
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Figure 3. The u-PAR protein in SCC-4 cells seeded at various cell 
densities: effect of 3T3 cells. SCC-4 cells were seeded at various 
densities either alone or with irradiated 3T3 cells (1.8 X 104/ cm2). The cells 
were grown for 40 h in a mixture of Dulbecco's modification of Eagle's 
medium/Ham's F12 (3:1) supplemented with 5% fetal bovine serum. 
Thereafter, irradiated 3T3 cells were detached from the co-cultures using 
0.02% ethylenediamine tetraacetic acid treatment. Subsequently, crude 
extracts from SCC-4 cells were prepared for the crosslinking study. The 
crude extracts were incubated with 125I-diisopropylfluorophosphate-u-PA, 
cross-linked, and subjected to sodiwn dodecylsulfate-polyacrylamide gel 
electrophoresis. The volumes of cell extracts used in the u-PAR analysis 
were adjusted based on equivalency of their DNA content. SCC-4 mono-
cultures (lanes 1-4); SCC-4/3T3 co-cultures (lanes 5-8) . Seeding cell 
densities ofSCC-4: 1.25 X 104/cm2 (lanes 1 and 5),2.5 X 104/cm2 (lanes 2 
and 6), 5 X 104/cm2 (lanes 3 and 7), and 10 X 104/cm2 (lanes 4 and 8). 
Phosphate-buffered saline (lane 9) and soluble U-P AR (lane 10) served as 
negative and positive controls, respectively. 
DISCUSSION 
Studies on epithelial-mesenchymal interaction are of general inter-
est because they may provide better insight into how different cell 
types interact during wound healing or tumor invasion. Interactions 
between keratinocytes and fibroblasts were reported to modulate 
both proliferation and differentiation of keratinocytes [27,2S] as 
well as activities of fibroblasts [29]. We reported recently that 
parathyroid hormone-like protein, interleukin-6, and interleukin-l 
levels were modulated by co-culturing epithelial with mesenchymal 
cells [30,31]. In the present study, we demonstrate that the 
interaction between keratinocytes (normal keratinocytes and 
SCC-4 cells) and fibroblasts can modulate the production and 
synthesis of different components of the PA/plasmin system in 
epithelial cells. Because regulation of the PA/plasmin system is a 
complex process, various experimental approaches have been used. 
Relative mRNA expression and immunoreactive protein content 
were examined to obtain information on production, whereas 
zymography was used to assess the activity of PAs. Because u-PA 
bound to membranes is thought to have direct physiologic impor-
tance, the presence of functional u-PAR was assayed using chem-
ical crosslinking. 
1\nalysis of supernatants derived from subconfluent to confluent 
SCC-4, keratinocyte, or 3T3 monocultures and co-cultures using 
zymography and ELiSAs revealed that the amounts ofu-PA, PAI-l, 
and PAI-2 produced by epithelial cells were modulated in the 
presence of 3T3 cells. Zymography revealed that the levels of both 
free u-PA and PA-PAI complex were increased in SCC-4/3T3 
co-cultures, whereas in keratinocyte/3T3 co-cultures, only the 
levels of PA-PAI complex were increased. The amount of free 
u-PA activity decreased in keratinocyte/3T3 co-cultures despite the 
increased u-PA immunoreactivity, probably because of markedly 
elevated levels of immunoreactive PAI-1. Moreover, in the pres-
ence of 3T3 cells, the increase in immunoreactive PAI-l and u-PA 
content was more pronounced in keratinocyte than in SCC-4 cells. 
In the presence of 3 T3 cells, keratinocytes showed an increase in 
PAI-2 immunoreactivity, whereas SCC-4 cells demonstrated a 
decrease. All of these data suggest that 3T3 cells can modulate 
production of the components of the P A system in both keratino-
cytes and SCC-4 cells in a similar manner, except for PAIs. 
Because in SCC-4/3T3 and keratinocyte/3T3 co-cultures, the 
ratio of both cell types changed continuously with time as expand-
ing colonies of epithelial cells caused irradiated 3 T3 cells to detach 
from the dishes, the P A activity could be dependent on the relative 
numbers of epithelial and 3T3 cells. Therefore, we examined 
whether the mRNA expressions of u-PA, u-PAR, PAI-l, and 
PAI-2 and the level ofu-PAR protein depend, first, on the density 
of epithelial cells, and second, on the relative numbers of epithelial 
cells and 3T3 cells. 
In monocultures of both SCC-4 cells and keratinocytes, the 
mRNA levels of various components of the PA/plasmin system 
generally depended on the cell density: the higher the density, the 
lower the expression of the mRNAs (except for PAI-l and PAI-2 
in keratinocytes). The number of migrating cells-shown previ-
ously in vivo [6,12] and in vitro [7,S,10] to express mainly the 
components of the PA/plasmin system-will decrease with increas-
ing density. It is therefore possible that the observed results reflect 
merely a decreased number of migrating cells in the total popula-
tion. 
In contrast to monocultures, co-cultures of SCC-4 cells or 
keratinocytes with 3T3 cells demonstrated no changes in mRNA 
expression of the components of the PA/plasmin system with 
variations of cell density. However, the relative expression of 
mRNAs in co-cultures was clearly different from that in monocul-
tures, especially at low cell density. For most of the components of 
the PA/plasmin system, a decrease in mRNA e:Al'ression and 
u-PAR protein was observed at most cell densities; for PAI-l only 
in keratinocytes, a marked increase was documented. These results 
suggest that the production of these components in the epithelial 
cells is modulated by 3T3 cells. These modulations appeared to be 
mediated through a direct cell-cell or cell-matrix contact. The 
factors responsible for the observed effects cannot be deduced from 
our study. One can speculate that growth factors, such as trans-
forming growth factor-{3, which bind to extracellular matrix and 
have been shown to modulate PA activity [32,33], may playa 
regulatory role in these processes. The striking difference in 
fibroblast-induced modulation ofPAI-l between keratinocytes and 
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Figure 4. Expression ofu-PA, u-PAR, PAI-t, and PAI-2 mRNAs in 
keratinocytes seeded at various cell densities: effect of 3T3 cells. 
Keratinocytes were seeded at various densities either alone or with irradi-
ated 3T3 cells (1.8 X 104/cm2). The cells were grown for 48 h in a mixture 
of Dulbecco's modification of Eagle's medium/Ham's F12 (3:1) supple-
mented with 5% bovine serum and 1 /-LM L-isoproterenol, 1 /-LM hydrocor-
tisone, and 5 /-Lg/ml insulin. Thereafter, the medium was renewed and the 
cells were reincubated for the next 24 h. Subsequently, irradiated 3T3 cells 
were removed from the co-cultures using 0.02% ethylenediamine tetraace-
tic acid treatment, after which RNA was isolated. The bands of Northern 
blots were quantified photodensitometrically and normalized for total 
mRNA using 28S rRNA as a control. The results are expressed as relative 
mRNA expression, taking as 1 the expression in monocultures seeded at the 
lowest density (1.25 X 104/cm2). Seeding cell densities of keratinocytes: 
1.25 X 104/cm2, 2.5 X 104/cm2, 5 X 104/cm2, and 10 X 104/cm2. 
378 BOXMAN ET AL 
SCC-4 cells is difficult to explain and might be caused by an altered 
responsiveness due to the malignant transformation of the SCC-4 
cells. 
In conclusion, the results of the present study reveal that the 
production and synthesis of various components of the PAl plasmin 
system depend on the density of epithelial cells and can be 
modulated by fibroblasts. The fibroblast-induced modulations are 
similar in keratinocytes and SCC-4 cells except for PAI-l produc-
tion, which was markedly enhanced only in keratinocytes. This may 
imply that the modulation of P A activity in the direct microenvi-
ronment may be different under physiologic and pathologic condi-
tions, but further studies with different malignant cell lines are 
needed to confirm this. 
We would like to thank J. Kempenaar and F. van Leeuwen Jor excellent technical 
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91.13). 
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